Recently Health Canada (HC) published its opinion that including glycemic index (GI) values on food labels would be misleading and not add value to nutrition labeling and dietary guidelines to help consumers make healthier food choices. Important areas of concern were identified by HC, but the discussion of them is scientifically invalid. HC concluded that GI has poor precision for labeling purposes based on incorrect application of the standard deviation. In fact, GI methodology is precise enough to distinguish, with high probability, low-GI (GIp55) from high-GI (GIX70) foods and to pass the Canadian Food Inspection Agency Nutrition Compliance Test procedure. HC rightly concluded that GI does not respond to portion size, whereas glycemic response does, but no valid evidence was provided to support the assertion that a lower-GI food could have a higher glycemic response. HC's focus on glycemic response could promote a low-carbohydrate diet inconsistent with nutrition recommendations. HC correctly concluded that GI is unresponsive to the replacement of available-with unavailable-carbohydrate but this is irrelevant to GI labeling. HC is rightly concerned about promoting unhealthy low-GI foods; however, this could be avoided by prohibiting GI labeling on such foods. Therefore, HC has provided neither a helpful nor scientifically valid evaluation of GI for labeling purposes but has contributed to the wealth of misinformation about GI in the literature. Currently, Canadian consumers only have access to unregulated and misleading information about GI; well-crafted guidelines for GI labeling would provide consumers accurate information about GI and help them make healthier food choices.
INTRODUCTION

Aziz et al.,
1 on behalf of Health Canada, published the rationale for its opinion that the inclusion of glycemic index (GI) value on the label of eligible foods products would be misleading and not add value to nutrition labeling and dietary guidelines in assisting consumers to make healthier food choices apparently without consulting any experts nor seeking public comment. Unfortunately for the scientists at Health Canada, the paper by Aziz et al., 1 which is now in the public domain, contains numerous errors and several illogical and inconsistent arguments; errors which might have been avoided by a process of consultation.
I acknowledge that Health Canada is in a difficult position on this issue not only because of the novelty of GI from a regulatory perspective but also because Canadian legislation prohibits the promotion of foods for therapeutic purposes. However, in choosing not to support GI, Health Canada provided no scientifically valid reason to reject it. The first assessment of GI by the Canadian Food Inspection Agency, published in 2010, did not authorize GI on the grounds of the absence of a defined method. 2 However, a defined method had been published 12 years ago by the Food and Agriculture Organization of the United Nations; 3 now there is an International Standards Organization-approved method. 4 In the current assessment of GI, 1 Health Canada identified three main areas of concern but its discussion of them is inept; Aziz et al. 1 provide no valid evidence to support their conclusions regarding issues that are relevant to GI labeling, and the issues with valid evidence are not relevant.
POOR ACCURACY AND PRECISION OF THE GI MEASURE
It was concluded that the GI measure has poor accuracy and precision for labeling purposes because a between-laboratory standard deviation (SD) of 9 was considered to be too large. This is an arbitrary, unsupported and incorrect statement; GI is accurate and precise enough for labeling purposes.
Accuracy Aziz et al. 1 suggest that the GI is inaccurate because subjects' ethnicity might have a considerable effect on the mean GI value; however, this is not based on a systematic review but rather on citing only those results that support the desired conclusion and ignoring those which do not. Aziz et al.
1 cite Venn et al. 5 who showed that the GI of a breakfast cereal was higher in Asians than Whites. Aziz et al.
1 also pointed out that we showed that white bread had a higher GI in non-Caucasians than Caucasians (78 vs 66, respectively); however, they did not mention there was no difference for the other two foods tested, chocolate chip cookies (42 vs 42) and fruit leather (31 vs 35), and no difference for the mean of all three foods tested (50 vs 48). 6 In addition, several studies showing no significant effect of ethnicity on GI [7] [8] [9] were not cited. Thus, the conclusion drawn by Aziz et al.
1 that GI is inaccurate is not valid because it is based on a biased and incomplete selection of evidence.
Precision
The title of the paper by Aziz et al. 1 indicates that it is an evaluation of GI claims, but no examples of GI claims that might be made are provided, nor whether the precision of GI is sufficient to support such claims; without this, the conclusion that a SD of 9 is too large is arbitrary. The only evidence provided to support the conclusion that GI has poor precision is based on an incorrect interpretation of the meaning of SD. It is stated that the implication of a between-lab SD of 9 is that if the difference in mean GI measured by two laboratories is o18 (2 Â SD) then this difference will likely be a result of chance and that if a food has a GI of 55 on the label and the test is repeated, any mean value between 37 and 73 can be a result of chance. However, based on a single determination of GI, the mean±2 Â SD is the 95% confidence interval within which the true GI value lies; it is not the range within which another lab's estimate will lie. The latter is actually ± 2 Â SD Â O2E ± 25. In addition, it is imprecise and perhaps even misleading for Aziz et al.
1 to say 'a result of chance'. The pertinent question is: what is the chance? To say that any value between 37 and 73 can be a result of chance could be interpreted to mean that any result between 37 and 73 is equally likely to occur; however, this is not so. Based on the normal distribution, 68% of all values will be within ± 1 Â SD of the mean and 27% between 1 and 2SD from the mean. Consistent with this, the results of an inter-laboratory study 10 showed that 19 of the 25 (76%) lab mean GI values (five foods tested in five labs) were within ± 9 (1 Â SD) of the mean, 5 values (20%) differed from the mean by 9-18 (between 1 and 2 Â SD) and only 1 (4%) was X18 from the mean (Figure 1) . Thus, if a food has a GI of 55 on the label and the test is repeated, values of p37 or X73 (2 Â SD from the mean) would be unlikely. To say that any mean value between 37 and 73 can be the result of chance also suggests that the GI method does not distinguish between these values. However, 37 is significantly different from 73 (Po0.002).
If Health Canada wanted to support GI, it could have suggested that the labeled value should be based on more than one measurement (which would improve precision) and/or it could have determined whether GI methodology is precise enough to distinguish low-GI foods (GIp55) from high-GI foods (GIX70). Classifying foods as low-GI is arguably the most relevant way to inform consumers about GI because the most common advice given to consumers about GI is, within the same food category, to choose low-GI foods more often and high-GI foods less often. 11 Thus, the relevant question to ask in order to avoid misleading consumers is whether the GI method is precise enough to distinguish between low-and high-GI foods. Based on the normal distribution, with SD ¼ 9 there is only a 5% chance that the true GI of a food with a single measured GI value of 55 (low-GI) is actually high-GI (GIX70). With a between-laboratory SD of 9, GI methodology is sufficiently precise to meet the criteria of the Canadian Food Inspection Agency's Nutrition Labeling Compliance test procedure, 12 which are: (1) each of the three measures must be within 50% of the labeled value and (2) the mean of the three measures must fall within the compliance limit, which, in this case, could be that a food labeled as low-GI has to have a GI o70. If the labeled GI value of 54 was based on the mean of two determinations, then there is X95% chance that all three test measures would be within 50% of the labeled value (that is, 27-81) and a X95% chance that the mean of the three test measures would be o70.
GI DOES NOT VARY IN RESPONSE TO THE AMOUNT OF FOOD CONSUMED
An important issue for Health Canada's evaluation of GI was that it is not responsive to serving size. 1 Health Canada believes it is more important to address glycaemic response than GI. This is a complex issue, and I have several areas of concern about Health Canada's evaluation: (1) Health Canada's conclusion that a lower-GI food could elicit a higher glycaemic response is not supported by valid evidence; (2) the nutritional appropriateness of focusing on glycaemic response rather than GI; and (3) a question as to whether a focus on glycaemic response rather than GI is more likely to lead to better health and to diets that meet nutrition recommendations.
Could a lower-GI food elicit a higher glycaemic response? As glycaemic response is the focus of Health Canada's interest, Aziz et al. 1 conclude that giving consumers information about GI would be misleading because glycaemic response is determined by both GI and the amount of carbohydrate consumed. As people eat a variety of foods with different carbohydrate contents, it is asserted that a lower-GI food could elicit a higher glycaemic response than a higher-GI food depending on how much is consumed. Aziz et al.
1 attempt to demonstrate this by showing that the glycaemic load (GL ¼ GI Â g carbohydrate) of a 150-g serving of boiled potato, a high-GI food, is less than that of a 180-g serving of spaghetti, a low-GI food (21 vs 24, respectively), and that the GL of 120 g of watermelon, a high-GI food, has a GL of 4, similar to that of a medium (120 g) apple, a low-GI food, which has a GL of 6. I agree that GI and amount of carbohydrate are determinants of the glycaemic response. However, the approach used to show that a lower-GI food can elicit a higher glycaemic response is problematic for three reasons: (1) the calculation of GL is inaccurate and imprecise; (2) the use of GL as evidenced by Aziz et al.
1 is illogical and inconsistent; and (3) existing evidence does not support Health Canada's conclusion for the chosen example.
Calculation of GL is inaccurate and imprecise. The validity of Health Canada's argument depends on a comparison of calculated GL values, the accuracy of which, in turn, depends upon the accuracy of the estimates of the amounts of carbohydrate and GI values in the stated servings of potato, spaghetti, watermelon and apple. In this respect, the amounts of available carbohydrate (avCHO) Aziz et al. 1 consider to be contained in 150 g boiled potato, 180 g spaghetti, 120 g watermelon and 120 g apple, respectively, (25, 
14 Although this results in GL values for the four foods of 22, 25, 6.5 and 5 which are not markedly different from those calculated by Aziz et al.
1 of 21, 24, 4 and 6, respectively, the differences indicate a lack of due care and precision on the part of Aziz et al.
1
Use of GL as evidence is illogical and inconsistent. Just before the discussion of the fact that GI does not respond to portion size, Aziz et al. 1 concluded that GI is inaccurate and imprecise and that if a food is labeled as having a GI of 55 it could have a GI anywhere from 37 to 73 as a result of chance. If this is so, then GL calculations are very imprecise, and the GL could vary anywhere over a 42-fold range as a result of chance. It is, therefore, logically inconsistent for Aziz et al. 1 to conclude that the GL of spaghetti, 24, is '...in fact higher...' than that of boiled potato, 21 (a difference of only 12.5%). If GI is inaccurate and imprecise then a GL of 24 is no different from a GL of 21; however, if a GL of 24 is in fact greater than a GL of 21, then GI cannot be inaccurate and imprecise.
Existing evidence does not support Health Canada's conclusion. Because the dose-response curve of area under curve on grams avCHO intake is not linear [15] [16] [17] [18] (Figure 2a ), 19 GL does not accurately predict differences in glycaemic response when the comparisons involve foods containing different amounts of avCHO and where one or both foods contain more than about 20 g avCHO. Thus, even though 180 g spaghetti (considered to contain 48 g CHO and have a GI of 49) has a higher GL than 150 g potato (considered to contain 25 g CHO and have a GI of 82), the predicted dose-response curves for foods with GI's of 82 (potato) and 49 (spaghetti) show that 48 g avCHO from spaghetti would be expected to elicit an 8% lower glycaemic response than 25 g avCHO from potato ( Figure 2b) . Indeed, when we compared the glycaemic responses elicited by 25 g avCHO from mashed potato (GI ¼ 92, GL ¼ 23) and 50 g avCHO from spaghetti (GI ¼ 50, GL ¼ 25) as part of a larger study, 16 the spaghetti elicited a lower response despite the fact that it had a higher GL (Figure 3 ).
NUTRITIONAL APPROPRIATENESS OF FOCUSING ON GLYCAEMIC RESPONSE RATHER THAN GI
Is it nutritionally appropriate to compare the glycaemic response of 150 g of boiled potato (131 Kcal) with that of 180 g spaghetti (284 Kcal), which contains more than twice the energy, and of 120 g watermelon (36 Kcal) with 120 g apple (63 Kcal), which contains nearly twice the energy? In the long term, the amount of food people eat is ultimately driven by the need to maintain energy balance. Therefore, if 150 g of potato is consumed instead of 180 g pasta, to maintain energy balance, the difference of 150 Kcal would be made up either with carbohydrate (in which case the GL of the meal will increase) or with fat and protein (in which case carbohydrate will only make up 35% of energy in the meal). As the evidence for the health benefits of GL is largely based on prospective observational studies where GL is energyadjusted, it is surely more nutritionally appropriate to compare the GL of 180 g spaghetti (GL ¼ 52 Â 49/100 ¼ 25) with an isocaloric portion of boiled potato (325 g) (GL ¼ 61 Â 78/100 ¼ 48) and the GL of 209 g watermelon (GL ¼ 15 Â 76/100 ¼ 11) with an isocaloric amount of apple (120 g) (GL ¼ 14 Â 36/100 ¼ 5) in which case the differences in GI appropriately reflect the differences in GL. It is true that GI does not vary with the amount of food consumed and therefore, by itself, does not indicate the glycaemic response. However, GI is an important independent determinant of glycaemic response, 20 along with the amounts of carbohydrate, fat and protein consumed; 21 the latter three of which are already indicated on the nutrition label.
WOULD A FOCUS ON GLYCAEMIC RESPONSE PROMOTE HEALTHY DIETS?
A focus by Health Canada on glycaemic response may not promote healthy diets because reducing glycaemic responses, per se, does not necessarily improve health outcomes; the outcome depends on how glucose responses are reduced. For example, treatment of people with impaired glucose tolerance with a drug that reduces postprandial glucose by inhibiting carbohydrate digestion reduced the incidence of diabetes 22 and cardiovascular disease, 23 whereas treatment of similar individuals with a drug that reduced postprandial glucose by stimulating insulin secretion had no effect on the incidence of diabetes or cardiovascular disease. 24 Reducing postprandial glucose responses by reducing diet GI without reducing carbohydrate intake improved b-cell function, 25 insulin sensitivity 26 or C-reactive protein 27 in people without diabetes; however, similar reductions in postprandial glucose achieved by reducing carbohydrate intake had no such effects. A focus on GL and/or glycaemic response, as proposed by Health Canada, also runs the risk of promoting low carbohydrate intakes, which is inconsistent with Health Canada's for n ¼ 7 normal subjects. 11 In this study, the GI of spaghetti and potato, respectively, were 129 and 71 on the bread scale (GI of white bread ¼ 100), which get converted to 92 and 50 on the conventional scale (GI of glucose ¼ 100). The GL of spaghetti, 25, is greater than that of potato, 23, but the incremental area under curve for spaghetti is less than that for potato (89±16 vs 142±19 mmol Â min l À 1 , Po0.001).
recommendation to consume 45-65% energy in the form of carbohydrate.
28
GI NOT RESPONSIVE TO REPLACEMENT OF AVAILABLE WITH UNAVAILABLE CARBOHYDRATE Health Canada deems another limitation of GI is its unresponsiveness to partial replacement of available with unavailable carbohydrate. The example given is a product containing 30 g sucrose and having a GI of 60; substituting 15 g sucrose with sucralose will not change its GI but its glycaemic impact will be reduced. I agree the GI would not change but fail to see how this example has any relevance to GI labeling. No manufacturer would want to claim GI on such a product because it does not have a low-GI and reducing the sugar content does not change the GI. The claim, if any, would presumably focus on the desirable attributes of the product, which are its reduced sugar and/or energy contents.
CONGRUENCY WITH NATIONAL NUTRITIONAL POLICIES
Health Canada is concerned that GI labeling might promote the consumption of foods with an undesirable nutritional content, such as high in fructose or saturated fat. In fact, research suggests that adults 29 and children 30 following low-GI diets are more likely than others to meet nutritional recommendations. Nevertheless, I agree that some foods with an undesirable nutritional profile may have a low-GI and that such foods should not be promoted; however, to reject GI labeling for this reason is to throw the baby out with the bathwater. This concern can be addressed easily by only allowing GI labeling on foods with a 'desirable' nutritional composition, for example, those that would qualify for the Heart and Stroke Foundation's Health Check symbol.
CONCLUSIONS
The concerns Health Canada identified related to the use of GI on food labels are valid and important issues. I would have hoped that Health Canada's evaluation of GI would be helpful; I would have expected Health Canada's evaluation to be based on solid evidence, accurate facts appropriately interpreted, relevant examples logical and consistent arguments and consideration of existing regulations and practice. Unfortunately Aziz et al.
1 have provided none of these but instead have contributed to the wealth of misinformation about GI in the scientific literature. There is a strong scientific rationale for allowing GI labeling along the following lines: the claim 'low-GI' would be accompanied by the mean GI value given in a footnote or on the Nutrition Facts panel. To qualify for this claim, the mean GI value, measured by an accredited lab using the ISO method, must be p55.0 and the food must contain at least 10 g avCHO per serving and have a desirable nutritional profile. These criteria are put forward as a suggestion, they and other details of such a scheme would need to be worked out. However, the Australian GI Symbol Program, 31 successfully in operation for over 10 years and popular with Australian consumers, provides an excellent model that could be used as a starting point.
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